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Abstract
Background: Assessment of physical access to health services is extremely important for planning. Complex methods 
that incorporate data inputs from road networks and transport systems are used to assess physical access to healthcare 
in industrialised countries. However, such data inputs hardly exist in many developing countries. Straight-line distances 
between the service provider and resident population are easily obtained but their relationship with driving distance 
and travel time is unclear. This study aimed to investigate the relationship between different measures of physical 
access, including straight-line distances, road distances and travel time and the impact of these measures on the 
vaccination of children in Yemen.
Methods: Coordinates of houses and health facilities were determined by GPS machine in Urban and rural areas in Taiz 
province, Yemen. Road distances were measured by an odometer of a vehicle driven from participants' houses to the 
nearest health centre. Driving time was measured using a stop-watch. Data on children's vaccination were collected by 
personal interview and verified by inspecting vaccination cards.
Results: There was a strong correlation between straight-line distances, driving distances and driving time (straight 
line distances vs. driving distance r = 0.92, p < 0.001, straight line distances vs. driving time r = 0.75; p < 0.001, driving 
distance vs. driving time r = 0.83, p < 0.001). Each measure of physical accessibility showed strong association with 
vaccination of children after adjusting for socio-economic status.
Conclusion: Straight-line distances, driving distances and driving time are strongly linked and associated with 
vaccination uptake. Straight-line distances can be used to assess physical access to health services where data inputs 
on road networks and transport are lacking. Impact of physical access is clear in Yemen, highlighting the need for 
efforts to target vaccination and other preventive healthcare measures to children who live away from health facilities.
Background
Access to health services is difficult to define. It is a mul-
tidimensional process that in addition to the quality of
care, involves geographical accessibility, availability of the
right type of care for those who need it, financial accessi-
bility, and acceptability of service [1]. Geographic accessi-
bility, the distance that must be traveled in order to use
health facility, may present an important barrier of access
to health services. Studies in developing countries have
presented strong evidence that physical proximity of
health service can play an important role in the use of pri-
mary healthcare [2-12]. In Yemen, we have demonstrated
that driving distance and driving time are important pre-
dictors for developing severe malaria in comparison to
mild malaria [13]. It is hypothesized that long distance
can be a significant obstacle to reaching health facilities,
and a disincentive even to trying to seek care [14].
The recent advances of Geographic Information Sys-
tems (GIS) have provided an important tool for health-
care planning particularly in measuring access to health
services. Major progress was made in industrialized
countries where the detailed data inputs such as detailed
road network are available [15]. For example, Brabyn and
Skelly used cost path analysis in order to determine the
minimum travel time and distance to the closest hospital
via road network in New Zealand [16]. More recently
there was an attempt to produce a single index for the
overall access to health services from combined physical
access to the resources and the amount of resources avail-
able [17]. Application of such methods in developing
countries, however, remained constrained by the lack of
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data inputs even in a hard copy form [15]. In developing
countries roads are unpaved and adopted by convenience
for travelling on foot or by vehicle. There is no well-estab-
lished and functioning public transport system in many
areas in developing countries. Instead measuring access
to health services in developing countries remains impre-
cise and relies mostly on asking patients about the time
and distance they travelled although most patients are
not accustomed to watches. Additionally, acute (emer-
gency) and preventative medical services are often taken
together, which risks conflating two different challenges
where physical barriers to care are different.
Travel impedance to the nearest health service provider
is commonly used to assess the physical access to health
services [18]. This is usually measured using Euclidean
(straight-line) distance, driving distance or travel time.
Driving distance and travel time is difficult to obtain in
countries where there is a lack of well-established trans-
port system or developed road networks. Straight-line
distances are easily obtained but the relationship between
straight-line distance and driving distance or travel time
is not clear [19,20].
This study had two aims; firstly, to investigate whether
the impact of distance on vaccination-an indicator of pri-
mary preventive healthcare use-is comparable with those
found elsewhere. Secondly, to investigate the relation-
ships between different measures of geographical access,
namely straight-line distances, driving distances, and
driving time. We aimed to assess the correlation between
straight-line distances and both driving distance and
driving time measured by a journey conducted by a
research team and link this to the vaccination of a group
of children in Yemen.
Methods
Study area and health facilities
Yemen is the most populous and poorest country in the
Arabian Peninsula. Access to health services is problem-
atic because of the vast geographical area and the sparse
population distribution across the rural areas in addition
to a poorly developed road networks and lack of proper
public transport. Over 70% of Yemen's population of
(19.7 million) live in rural areas (Population Census,
2004) where primary healthcare covers about 30% of the
population (WHO, 2003). The vaccination coverage is
estimated to be around 70%.
The study area was Taiz province, a densely populated
region with 2.4 million residents (Census, 2004). The
majority of people are casual labour workers on daily
wages or subsistence farmers producing cereals. In urban
and semi-urban areas people are engaged in small-scale
trading activities in farm products or imported fabrics or
work as shopkeepers. A few people work as civil servants,
who are mostly teachers. There is no state-regulated pub-
lic transport in the study area and the ownership of a car
is low. Most people share a hired car in order to reach
health facilities. Some car owners work in transport, with
the frequency of their service depending on the number
of passengers. There is no regular transport services and
the cost of the same journey varies widely by the time of
travel, availability of other passengers and many other
factors. Most roads in the study area are locally adopted
and are not recognized officially as roads.
Vaccination of children is available free of charge in all
public health facilities. Private health services are avail-
able in urban and semi urban areas but most do not pro-
vide vaccination.
Study subjects
Data were collected within two case-control studies on
severe and mild malaria among children in Yemen within
an area with radius of 40 km from the main referral hos-
pital in Taiz. Details of the studies have been published
elsewhere [13,21]. Briefly study subjects comprised three
groups of children who were between 6 months and 10
years of age. The first group (children with severe
malaria) was recruited from Yemeni Swedish referral hos-
pital and traced to their homes. The second group (chil-
dren with mild malaria) were recruited from several
health centers in the study area and also traced to their
homes. The third group (community controls without
malaria) was selected from the neighborhood of the mild
malaria cases using a random selection procedure.
Data collection
Data on socio-economic factors were collected by face-
to-face interviews combined with direct inspection dur-
ing home visits. Driving distance between the households
and health centers was measured by noting the distance
shown on the odometer of a vehicle driving from the
house to the nearest health centre for all the three groups.
On a few occasions where there was more than one road,
parents recommended the shortest and most convenient
road they usually use to get access to health centre. Driv-
ing time of these journeys was measured using a stop-
watch. GPS coordinates for houses and health facilities
were taken by GPS (eTrex Summit®) by standing in front
of the door of each household or health facility to achieve
an accuracy goal of less than 15 meters.
A positive history of vaccination was defined as having
been to a health facility to vaccinate the index child at
least once. History of vaccination of the child was taken
from the parents, and the child's vaccination card addi-
tionally was inspected during home visits.
Statistical Methods
Data were double-entered in EPI Info version 6.04 (Cen-
tres for Disease Control and Prevention, Altlanta, USA)
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and analysed using Stata 8 (Stata Corporation, College
Station, TX, USA).
The associations between different measurements of
access were presented graphically as scatter plots. In
order to calculate Pearson's correlation coefficients
straight-line distance, driving distance, driving time were
all log transformed because they were not normally dis-
tributed. The Kruskal-Wallis test was used to test for the
differences in medians when the data were not normally
distributed.
Unconditional logistic regression with vaccination sta-
tus as the binary outcome variable, was used to adjust for
socio-economic status in order to investigate the impact
of each straight-line distance, driving distances or driving
time on the vaccination of children. The likelihood ratio
test was used to test for the significance of accessibility
variables comparing models with and without the vari-
able.
The straight-line distances were calculated using the
Haversine formula which assumes that the earth is a per-
fect sphere and has radius of 6378.1 km [22]. This is a
standard approach for the calculation of straight-line dis-
tances with GPS data, since the simple Pythogrean for-
mula is generally not recommended. Straight-line
distance, driving distance and driving time were catego-
rized into quartiles as there are no well known cutoff
points.
A socio-economic index was created based on 12 proxy
indicators of socio-economic status. One score for depri-
vation was given for each of the following: Mother has
not been to a school (or mother is dead); father has not
been to a school (or father is dead); father's occupation
(farmer, labourer, not working, or dead);, home with only
one room, and absence of latrine, fridge, TV, radio, wash-
ing machine, telephone, vehicle and electricity. The sum
of the scores was categorized into tertiles groups, least
poor (0-6 score), middle poor (7-8 score), and most poor
(9-12 score).
Results
At the end of the study 334 severe malaria cases, 437 mild
malaria cases and 308 community controls were
recruited (17 could not be traced and were excluded from
this analysis). Another 35 had missing or erroneous GPS
coordinates. This analysis therefore included 1044 sub-
jects some of whom came from the same household. Of
all subjects, 80.7% were from rural areas while 10% from
semi-urban areas and the rest from urban areas.
Relationship between different measures of physical access
The median driving distance to the nearest governmental
centre was 7.0 km (IQR: 2.0-12.0). The median straight-
line distance was 2.4 km (IQR: 1.0-4.3). The proportion of
children within 5 km driving distance was 44.6%, com-
pared to 82.6% within 5 km measured by straight-line dis-
tances.
The association between the driving distances and the
straight-line distances, to the nearest health centre is pre-
sented in Figure 1. a. There was a strong correlation
between the driving distance and the straight-line dis-
tances to the nearest health centres, correlation coeffi-
cient 0.92 (p < 0.001). The relationship between the
straight-line distances and the driving time to health cen-
tres is illustrated in Figure 1. b (correlation coefficient, r =
0.75; p < 0.001). The association between the driving dis-
tance and the driving time to the health centre is shown
in Figure 2, with a correlation coefficient of 0.83 (p <
0.001).
Figure 1 The relationship between straight line distances and driving distance and driving time.
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Association between the different measures of physical 
access and vaccination of the children
Out of 1044 children, 726 (69.5%) reported they had been
to a health facility to vaccinate their child on at least one
occasion. The history of vaccination was validated by
reviewing the child's vaccination card during home visit.
Although 533 (48.8%) said they have the vaccination card,
only 209/1044 (20.0%) were able to find the vaccination
card during the home visit. It was also apparent that the
older the child, the less likely it was that the parents could
find the vaccination card.
The median driving distance was 6.0 km (IQR: 2.0-12.0)
among vaccinated children and 8.0 km (IQR: 3.0-13.0)
among non-vaccinated children (p < 0.001). Similarly, the
median driving time was 16.0 minutes (IQR: 9.0-28.0)
and 21.0 minutes (IQR: 11.0-29.0) among vaccinated and
non-vaccinated children, respectively (p < 0.001). The
differences in the driving distance and time between vac-
cinated and non-vaccinated were evident in all groups
(severe malaria, mild malaria and community controls).
Similarly, the median for the straight-line distances was
2.0 km (IQR: 0.9-4) and 2.7 km (IQR: 1.2-4.9) among vac-
cinated and non-vaccinated children respectively (p =
0.004). Straight-line distance, driving distance and driving
time when categorized into groups showed highly signifi-
cant positive crude associations with the history of vacci-
nation of children, (χ2 for linear trend p = 0.001, p = 0.008,
p < 0.001 respectively), Table 1.
Table 2 shows the association between each measure of
physical access and the vaccination of the children before
and after controlling for socio-economic status and age of
the child. There was a strong association between vacci-
nation of children and straight-line distance before and
after adjusting for age of the child and socio-economic
status. Similarly, both driving distance and driving time
showed significant association with the vaccination of
children in univariate and multivariate analysis.
Discussion
Measuring geographical access to health services using
self-reported data is not reliable because it is difficult for
patients to remember the distance they have traveled or
the time of the journey [9]. Instead physical access to the
nearest health service is usually estimated by straight-line
distance, driving distance or travel time [18]. Driving dis-
tance and travel time is difficult to obtain where there is
Figure 2 The relationship between driving distance and driving time.
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no transport system or well-developed road networks.
Straight-line distances are easily obtained but its relation-
ship with driving distance or travel time is not always
clear. This study aimed to investigate the relationship
between different measures of distance to health services
in Yemen and to determine the association between these
measures and utilization of preventive health services. It
demonstrates that straight-line distance is strongly linked
to driving distance and travel time. Straight-line distance,
like driving distance and driving time, is an independent
predictor for vaccination of children, a reasonable proxy
for preventative medical services.
Using GIS technology is recommend to achieve more
effective and efficient planning for primary healthcare
[23]. In industrialized countries presence of digital road
maps, well-established public transport, information on
the residence of the population and on the resources
available in each health facility were all combined to cre-
ate indicators for the accessibility to health services.
However, much of these data inputs are not available in
many developing countries even in hard copy form [15].
Table 1: Proportion of children vaccinated by different measures of physical access to health services in Yemen.
Measure of physical access Vaccination Total
Straight-line Distance n(%) Yes No
Zero- 216 (78.3) 60 (21.7) 276
1 km- 171 (64.8) 93 (35.2) 264
2.5 Km- 190 (72.0) 74 (28.0) 264
4.5 Km- 149 (62.1) 91 (37.9) 240
χ2 for linear trend = 10.4, p = 0.001
Driving Distance n(%)
Zero- 132 (79.0) 35 (21.0) 167
2 km- 248 (71.9) 97 (28.1) 345
7 Km- 147 (60.2) 97 (39.8) 244
12 Km- 199 (69.1) 89 (30.9) 288
χ2 for linear trend = 6.9, p = 0.009
Driving Distance n(%)
Zero- 199 (80.6) 48 (19.4) 247
10 Minutes- 169 (69.0) 76 (31.0) 245
17 Minutes- 172 (61.9) 106 (38.1) 278
29 Minutes- 186 (67.9) 88 (32.1) 274
χ2 for linear trend = 12.0, p < 0.001
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One aspect of accessibility to health services that is usu-
ally overlooked [24], is the distance which must be trav-
elled in order to use health services. This is usually
estimated by straight-line distance or with more com-
plexity network distance that include road distance and
travel time. Straight-line distance are easy to calculate
and compare and can be used in settings where data
inputs on roads or transport are lacking. To which extent
straight-line distance reflects the driving distance and
travel time in different settings is not clear. Jordan et al.
found that straight-line distances are closely correlated
with the more complex drive-times in South West Eng-
land although low correlation was concentrated in
peripheral areas [19]. In our study, straight-line distances
showed significant correlation with driving distance and
driving time (r = 0.92 and r = 0.75 respectively). More
importantly, it is an independent predictor for vaccina-
tion of children suggesting that this less complex measure
can be used to estimate physical access in our setting and
similar settings. The correlation between driving dis-
tances and driving time was marginally stronger than cor-
relation between straight-line distances and driving time
(r = 0.83 Vs r = 0.75). This is plausible as driving time is
not usually linearly linked to distance because of the
topography, and in urban settings one way streets or traf-
fic.
Vaccination is considered the most cost-effective pre-
ventive intervention for children [25-27]. Our findings
showed strong associations between vaccination of chil-
dren and distance whether estimated as straight-line dis-
tance, driving distance, or driving time. In Pakistan
neither driving distance nor driving time showed associa-
tion with the use of public health services for treatment of
acute childhood illness [28]. Similarly no association was
Table 2: Association between different measures of access and vaccination of children before and after adjusting for 
socio-economic status and age of the child (1 = not vaccinated, 0 = vaccinated)
Measures of access Crude odds ratio (95%CI) p-value Adjusted odds ratio (95%CI) p-value
Area of residence
Urban 1(Reference) 0.04
Semi-urban 2.75(0.77-9.8)
Rural 3.50(1.18-10.43)
Socio-economic status
Least poor 1(Reference) <0.001
Middle poor 2.22(1.47-3.56)
Most poor 3.80(2.63-5.50)
Straight-line distance (km)
Zero- 1(Reference) <0.001 1(Reference) 0.001
1 km- 1.96(1.34-2.87) 2.02(1.36-3.00)
2.5 km- 1.40(0.95-2.08) 1.49(0.99-2.23)
4.5 km- 2.20(1.49-3.24) 1.92(1.29-2.86)
Driving distance (km)
Zero- 1(Reference) <0.001 1(Reference) 0.005
2 km- 1.48(0.95-2.29) 1.41(0.90-2.22)
7 km- 2.49(1.58-3.91) 2.24(1.40-3.57)
12 km- 1.69(1.08-2.64) 1.56(0.98-2.47)
Driving time (minutes)
Zero- 1(Reference) <0.001 1(Reference) 0.003
10 minutes- 1.86(1.23-2.82) 1.52(0.99-2.34)
17 minutes- 2.55(1.72-3.80) 2.14(1.42-3.23)
29 minutes- 1.96(1.30-2.94) 1.75(1.15-2.65)
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found between the use of contraceptive services and
straight-line distances in Malawi [29]. In Kenya, however,
straight-line distances showed significant association
with utilization of health services [11]. It is not clear
whether this difference reflects differences between set-
tings, or between preventative and curative medical ser-
vices-but it is probably both.
In Yemen, we have previously demonstrated that driv-
ing distance and driving time are independent predictors
for developing severe malaria in comparison to mild
malaria [13]. In this current work, distance seems to be
an important predictor for using preventive health ser-
vices like vaccination. Unlike the situation in Pakistan
[28], Nigeria [30] or Malawi [29] where the distance has
less profound impact on utilization of health services,
distance seems to have a strong impact on utilization of
preventive health services in Yemen. New health facilities
providing preventative services should be located where
they would serve most people, yet minimize the distance
to be traveled. Straight-line distance which is a less com-
plex measure of physical access can guide this as it is
strongly linked to driving distance and driving time and
also an independent predictor for utilization. This, how-
ever, does not imply that shortening the distance will
quickly fix the problem of utilization of health services in
the country.
One of the limitations of this study is the reliability of
the vaccination history, as the information about vaccina-
tion status obtained from parents is less reliable than
those from child health cards [31]. The older the child is,
the more inaccurate is the information mothers provide
[32]. As only a limited number of families were able to
provide the vaccination card during home visits we could
not ascertain the number of children who were fully vac-
cinated, although it has been reported that access to
healthcare influences the frequency of service use [33-
35].
We have also made several assumptions, including that
the three study groups are a reasonably representative
sample of the population in the study area, that parents
had used the nearest health facility to vaccinate their
child, and that the family's socio-economic status has not
changed since the vaccination of the child.
Conclusion
We have demonstrated that straight-line distances are
strongly correlated with driving distance and driving time
in Yemen. It is also an independent predictor for vaccina-
tion of children. As a measure of physical access, straight-
line distances are easily obtained in comparison to travel
time and travel distance which require detailed data
inputs on road networks and transport that hardly exist
in Yemen or similar settings. Our findings suggest that
straight-line distances have potential to be used in plan-
ning of health services in countries such as Yemen with
limited information and with difficult terrain. The impact
of physical access on using health services in Yemen
seems to be far more clear than in some other settings.
Therefore, greater efforts need to be made to provide at
least basic preventive services (e.g. vaccination) to chil-
dren who live far from primary healthcare centres.
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